/l/y? CA - 7*- 3 3 


./ 


NATIONAL ADVISORY COMMITTEE . 
FOR AERONAUTICS 


-REPORT 933 


^^PERFORMANCE OF CONICAL JET NOZZLES IN TERMS 
'OR FLOW AND VELOCITY COEFFICIENTS 




D <*NyiUTU>. 



1949. 


REP900UCED 8Y , iki.A* A I 

national technical 
information service 

“SSI8K. ”<‘S‘ 





AERONAUTIC SYMBOLS 

t " \ 

1. FUNDAMENTAL AND DERIVED UNITS 



\ 

Symbol 

Metric 

English 

Unit 

Abbrevia- 

tion 

Unit 

to 

Abbreviation 

Length.. 

Time r . 

Force. 

1 

1 » 
F 

meter... 

second. . 

weight of 1 kilogram 

v m 
8 

kg 

foot (or mile) 

second (or hour).. 

weight of 1 pound 

ft (or mi) 
sec (or hr) 
lb 

Power.. 

P 

V 

horsepower (metric) 



hP K 

mph 

fps 

Speed.. 

/kilometers per hour. 

(meters per second 

kph 

mps 

miles per hour 

feet per second. 


2. GENERAL SYMBOLS 


w 

9 

m 

I 


S 

:*< 

a x 

> r 

■ e 

A " 
V 
« 

L . 

. > 

D 

\ 

D * 

Bt 

D. 

O 


Weight*m 0 ' 

Standard acceleration of gravity* 9.80665 m/s* 
or 32.1740 ft/aec* 

W 

Maas**— 

9 

Moment of inertia =fni\ (Indicate axis of 
: radius of gyration k by proper subscript.) 
Coefficient of viscosity 


v Kinematic viscosity 

P Density (mass per unit volume) 

Standard density of dry air, 0.12497 kg-nt~ 4 -e* at 15° C 
and 760 nun; or 0.002378 Ib-ft * 4 sec* 

Specific weight of “standard” air, 1.2255 kg/m* or 
0.07651 lb/cu ft 


-4 


Area 
Ana of wing > 

Span . .. — ■* ■> 

Chord 

' 5* v- 

Aspect ratio, -g 

True air speed / 

Dynamic pressure, ^pV* 

'■ . • ' r 

lift, absolute coefficient Cx**^g 
Drag, absolute coefficient <7®— 
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Profile drag, absolute coefficient 
Induced drag, absolute coefficient ^> 1 *^ 


Parasite drag, absolute coefficient 


I, AERODYNAMIC SYMBOLS “ ^ 

- # , ■“ . ^ ^ 

V Angle of setting of wings (relative to tiirust line) 

it, Angle of stabilizer setting (relative to thrust 
. line) 

Q Resultant moment 

0 Resultant angular velocity 

\ VI 

B Reynolds number, where l is a linear dimen- 
sion (e g., for anr airfoil of 1.0 ft chord, 100 
mph, standard pressure at 15° C, the corre- 
sponding Reynolds number is 935,400; or for 
, an airfoil of 1.0 m chord, 100 mps, the corre- 
, : sponding Reynolds number is 6,865,000) 

« ! Angle of attack 

! « Angle of downwash 

o» Angle of attack, infinite aspect ratio 

<ii Angle of attack, induced 

Angle of attack, absolute (measured from zero- 
lift position) - 
y Flight-path angle 




Croes-Wind force, absolute coefficient £^» 




~ 4 

tV ) ■ 


. / 
v j * 
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PERFORMANCE OF CONICAL JET NOZZLES IN TERMS OF FLOW AND VELOCITY 

COEFFICIENTS 


By Ralph E. Grey, Jr. and H. Dean Wilsted 


SUMMARY 

Performance characteristics of conical jet nozzles were deter- 
mined in an investigation cavering a range of pressure ratios 
from 1.0 to 2.8 , cane half-angles from 5° to 90°, and outlet-inlet 
diameter ratios from 0.50 to 0.91. All nozzles investigated had 
an inlet diameter of 5 inches. 

The flow coefficients of the conical nozzles investigated were 
dependent on the cone half -angle , outlet-inlet diameter ratio , and 
pressure ratio . The velocity coefficients were essentially constant 
at pressure ratios below the critical. For increasing pressures 
above critical pressure ratio , there was a small decrease in velocity 
coefficient that was dependent on pressure ratio and independent 
of cone half -angle and outlet-inlet diameter ratio. Therefore the 
variation in performance {airflow and thrust) of several nozzles , 
selected for the same performance at a particular design condi- 
tion , was proportional to the ratio of their flow coefficients. 

INTRODUCTION 

A correctly designed jet nozzle as a device for converting 
pressure energy to kinetic energy is an essential part of an 
efficient jet-propulsion power plant. Current jet power 
plants utilize, with but few exceptions, the conical subsonic 
jet nozzle because it is simple, inexpensive to fabricate, and 
the configuration is inherently strong and rigid. 

In the design of jet nozzles, it has been necessary in the past 
to use approximate velocity and discharge coefficients. This 
necessity, coupled with the effects of other engine-design 
uncertainties, often requires changes in the design of the 
jet nozzle during prototype-power-plant tests. Exact nozzle- 
performance data would enable a more rational process of 
selecting a nozzle to perform a specific task and would also 
enable the designer to predict more accurately power-plant 
performance over the complete operating range. 

Performance characteristics of 15 conical nozzles were 
experimentally determined at the NACA Lewis laboratory 
in the early part of 1947 and are presented herein. The 
nozzle configurations in. istigated have outlet-inlet diameter 
ratios ranging from 0.50 to 0.91 and cone half-angles ranging 
from 5° to 90°. All the nozzles have inlet diameters of 5 
inches. For each configuration, the pressure ratio was 
varied between 1.0 and 2.8. For convenience, outlet-inlet 
diameter ratio and cone half-angle are hereinafter referred 
to as “diameter ratio” and “cone angle,” respectively. 

The results of this investigation should he useful for the 
design of or for the determination of the performance of 

8M469— 50 


conical jet-propulsion nozzles. Factors relating to 
similarity are considered to aid in determining the validitjydF" 
of applying these results to other conical-nozzle uses. 


SYMBOLS 

The following symbols are used in this report: 

A cross-sectional area, (sq ft) 

C 4 flow (discharge) coefficient, W m /W t 

C ftt effective velocity coefficient, V J V t 

C f velocity coefficient, VJV t 

c p specific heat at constant pressure, (Btu/(lb)(° F)) 
D diameter, (ft) 

F ) jet thrust, (lb) 

g acceleration due to gravity, 32.17 (ft/sec 2 ) 

J mechanical equivalent of heat, 778 (ft-lb/Btu) 

M Mach number 


m mass, (slugs) 

P total pressure, (lb/sq ft) 

p static pressure, (lb/sq ft) 

R gas constant, 53.3 (ft-lb/(lb)(° F)) 

Re Reynolds number 

T total temperature, (° R) 

Ti indicated temperature, (° R) 

t static temperature, (° R) 

V jet velocity, (ft/sec) 

V 4 effective jet velocity, (ft /sec) 

W fluid flow, (lb/sec) 

a jet-nozzle cone half-angle, (deg) 

0 thermocouple impact-recovery factor 

y ratio of specific heat at constant pressure to specific 
heat at constant volume 
n viscosity, (lb/(sec)(ft)) 

p fluid density, (lh/cu ft) 

r time, (sec) 


Subscripts: 
m measured value 

t theoretical value 

x example nozzle 1 

y example nozzle 2 

0 ambient 

1 jet-nozzle inlet 

2 jet-nozzle outlet 

A prime indicates conditions of critical (sonic*) flow in the 
nozzle outlet (throat). 
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ANALYSIS | The theoretical jet velocity may be derived from the 

conservation-of-energy equation 


In order to design a nozzle for a specific application, two 
performance characteristics are generally required: the flow 
capacity, and the effectiveness of converting pressure energy 
to kinetic energy or velocity. Flow capacity and effective- 
ness of energy conversion are evaluated in terms of flow co- 
efficient^* and velocity coefficient C„ respectively, which 
are defined as 




and 


# The evaluation of these coefficients is based on the tem- 
^fperatures and the pressures at stations 1 and 0 in the tollow- 
v?ing sketch: 





i 


Station t 


Station t 


Station 0 


pt ( 2 y=i 
FTVrh l) 


w m 

w, 

(1) i 

v n 

V, 

(2) 


These quantities are usually available for jet-propulsion or 
ejector nozzles. The evaluation is based on one-dimensional 
compressible-flow equations, so that the coefficients obtained 
may be easily applied. Inasmuch as the pressure distribu- 
tion in the plane of the jet-nozzle outlet (station 2) is gen- 
erally unknown, the discharge pressure is assumed to be 
atmospheric for subcritical pressure ratios. For super- 
critical pressure ratios the fluid is assumed to expand only 
to the critical pressure, which is the discharge pressure that 
will just produce sonic velocity in the nozzle throat. The 
critical pressure can be determined by differentiating the 
equation for mass flow through a nozzle with respect to the 
downstream static pressure p* and setting the result equal 
to zero. This operation gives 


(3) 


The actual jet velocity V m3 was obtained from the jet 
thrust in the following manner: The equation for jet thrust 
for subcritical pressure ratios can be written from Newton’s 
second law of motion as 

JT7 

(4) 


F m dV m 


which states that the force is equal to the rate of change of 
momentum. Then, if the fluid is assumed to start from rest 
(stagnation conditions at station 1), this equation may be 
rewritten as 

W 

i~ ft 


Vm, 2 — V t.t 


(Vu)* (V.J* T 

2^ +l ~2gJc r +tl - 11 


( 6 ) 


If the change in c 9 is assumed to be negligible between T\ 

and Ut ___ 

V ^/2gJc 9 (Tt—ti) (7) 

The temperature at the nozzle outlet can be determined 

from the isentropic-expansion expression 


u ~ Ti (S) 

Then equation (7) becomes 


7-1 


V«. J ='y^2 gJe,Ti 1— (jr) 


(8) 


(9) 


The weight flow at any section may be expressed by the 
continuity-of-flow equation and at station 2 may be written as 


W t — f>i, 3 A 3 F ,,2 


( 10 ) 


From the gas law and the isentropic relation, and for subsonic 
flow with Pi=p 0 assumed, 


7-1 

_ Pj _ po (Pi\ y 

pt '- Rtr RTApJ 


( 11 ) 


Substituting this value of p,., in equation (10) gives 

7 — 1 

(PC 


w,=a 3 jgr (^) T V, 3 


( 12 ) 


in which V t t may be evaluated by equation (9). 

For supercritical pressure ratios, there is an excess of 
pressure (p 2 — p 0 ) beyond that converted to velocity. The 
pressure at the nozzle outlet pi may be computed from equa- 
tion (3). For supercritical pressure ratios, equation (5) 
then becomes 


Vt-h A 2 (p2 Po) 

=c,^c.v;.,-M 2 (p 2 -po) 


(13) 


Critical or supercritical pressure ratios across the nozzle 
establish sonic velocity and the maximum flow obtainable at 
the particular nozzle-inlet condition (f\ and 7\). When the 
critical-pressure relation (equation (3)) is substituted in 
equations (9) and (12) and similar ter*—, are grouped, the 
critical-flow condition is 


7 % .2 — ^2<7t/c p 7\ 


7 l 

7+1 


and 


p, / 2 V~ l 

w:-A,vufrXi+i) 


(14) 


ns: 
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A simplification of the thrust calculation for supercritical 
pressure ratios (equation (13)) can be obtained if the cal- 
culated pressure term is dropped and the thrust calculation 
is based on an effective jet velocity V 9 : 


Fi IT 

-c, f- c,..v u 


(16) 


The theoretical velocity is based on the assumption of 
complete isentropic expansion to atmospheric pressure even 
though the pressure ratio across the nozzle may exceed the 
critical pressure ratio. The theoretical velocity may be 
calculated from equation (9) with pi=po- The effective 
velocity coefficient C, t from equation (16) is 


c 

° M V, 


(17) 


Values of both C, and C,., are presented. For convenience, 
C, will be designated the velocity coefficient and C K , the 
effective velocity coefficient. Below the critical pressure 
ratio, pi is equal to po, which makes the two velocity coeffi- 
cients equal from the equality of equations (13) and (16). 

The Reynolds numbers were calculated using the nozzle- 
outlet diameter in the following equation : 


M 


(18) 


The Mach numbers were calculated for two values of 7 by 


-Vr^T fef-] 


(19) 


APPARATUS AND PROCEDURE 

The apparatus used is diagrammatically shown in figure 1. 
The air flow, supplied to the apparatus at approximately 


Standard 
A5.W.L orifice 


Detail A 


Detail A 


Supporting 
Structure - 


Thrust- measuring 
device 



s- Hinge support 


Thermocouples and 
, pressure tubes 


Nozzle 


Station 2 


Fiqur* 1.— Diagrammatic sketch of apparatus 
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80° F, was determined by use of a standard A.S.M.E. orifice 
(reference 1). The apparatus was attached to the air- 
supplv system through flexible metal bellows to allow the 
apparatus to swing freely from a hinged joint, so that thrust 
could be directly measured ; a balanced-pressure diaphragm- 
type thrust indicator was used. . 

The nozzle-inlet instrumentation (station 1) consisted of 
two unshielded iron-constantan thermocouples, two total- 
pressure tubes, and two static-pressure tubes. The mini- 
mum distance between the nozzle outlet and the inlet instru- 
mentation was greatest for the 5° nozzle, with a diameter 
ratio of 0.50. The distance required in this installation, 
3.4 inlet diameters, was used for all installations. The 
instrumentation was placed at a distance from the wa o 
20 percent of the radius. This distance was determined by 
investigation with rake surveys at station 1 in order to 
obtain true average readings. By using these readings, air 
flow that agreed within 1 percent of the orifice-measured 
air flow was computed. 

All nozzles were of welded 16-gage sheet steel with an 
inlet diameter of 5 inches. Nozzles deviated somewhat 
from design dimensions in some cases as can be seen in table I, 
which gives the nozzle configurations and measurements. 
Because of the deviations in dimensions, the data were cross- 
plotted to obtain data corresponding to the same angles for 
each of the diameter ratios investigated. 

All nozzles were investigated by varying only the nozzle- 
inlet total pressure, which could be measured directly 
within ±0.05 inch of mercury. 

The indicated temperature T, measured at station 1 was 
corrected to total temperature. The nozzle-inlet indicated 
temperature is a measure of the static temperature plus a 
portion of the stagnation-temperature rise; the general 
equation is 

T.-t+S (g £r) < 2 °> 
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and Mach number. The geometric similarity is satisfied by 
selection of the proper model nozzle for comparison. 

The range and the comparison of Reynolds number is sho\\ n 
in figure 2. The range of Reynolds numbers for the model 


From calibration tests of thermocouples of the type used, 
the impact-recovery factor 0 was found to equal 0.80. With 
the value of 0 known, the nozzle-inlet total temperature T\ 
can be calculated from indicated temperatures by the general 
equation 

Ti ( 21 ) 


r=- 


i+d 




Inasmuch as the temperature of the working fluid was nearly 
the same as that of the surroundings, the radiation and 
conduction losses from the thermocouples were considered 
negligible. 

RESULTS AND DISCUSSION 

FLOW SIMILARITY 

In order that the data obtained on the 5-incli nozzles can 
be directly applied to full-scale jet-engine nozzle design and 
performance, flow similarity must be established between the 
model and full-scale nozzles. The predominant factors for 
flow similaritv an* geometric singularity, Reynolds nunihei, 



nozzles is approximately between 3 X Id 5 and 4X10®. The 
range of Reynolds numbers for typical full-scale jet-engine 
nozzles is between 8X10® and 3X10®. The effects of Rey- 
nolds numbers were not investigated. Inasmuch as the range 
of Reynolds numbers of the model and typical full-scale 
nozzles is of approximately the same order of magnitude, the 
difference in Reynolds number is considered negligible in the 
application of the model data to full-scale-nozzle design and 

performance. . 

The comparison of Mach number for two values of ratio ot 
specific heats y plotted against pressure ratio is shown m 
figure 3. The value of y for the model nozzles is approxi- 



1.6 LB 2.0 2.2 2.2 

Pressure ratio y PJpo 


Fiouri 3.— Comparison of Mach number for two values of ratio of specific heats over rant: 
of pressure ratios. (7 for model nozzles, approximately 1,40: y for full-scale nozzles. l.J* 
to 1.40.) 


mately 1.40 and the value of y for typical full-scale jet-engim 
nozzles is between 1.30 and 1.40. For test conditions of equa 
Macli number, the difference in pressure ratio is small. Tim 
small difference in pressure ratios will be shown in the follow 
ing section to have very little effect on the nozzle coefficients 
From the foregoing analysis, flow similarity between th, 
model and full-scale nozzles appears to have been sat .sfie. 
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with reasonable accuracy and the results of the model tests 
are considered directly applicable to full-scale-nozzle design 
and performance, 

FLOW COEFFICIENT 

Thejeffects on nozzle performance of changes in diameter 
ratio, cone angle, and pressure ratio are presented. Figure 4 
shows the measured effects of change in pressure ratio on the 


performance of all nozzles investigated. For all nozzles, the 
flow coefficient increased with an increase in pressure ratio. 
Also a rapid decrease in flow coefficient with increasing nozzle 
cone angle can be seen. 

Values of flow coefficient for nozzles with cone angles of 
5°, 15°, 30°, 45°, and 90° were obtained from cross-plotting 
values of flow coefficient obtained from figure 4 against the 
nozzle cone angle for each diameter ratio. These data were 



( i\ ) Outlct-inlct diameter ratio. O.oO. (b) Outlet-inlet diameter ratio. <U>7. 

(cl Outlet-inlet diameter ratio. O.HO. (d) Outlet-inlet diameter ratio, U.'Jl. 

Figure 4.— Variation of conical-nozzle flow (efficient with pressure ratio across nozzle for various cone half-angles. 
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Out! mi* infmt diammtmr ratio , Dt(D\ 


Figure 5.— Variation of conical-nozzle How coefficient with outlet-inlet diameter ratio for 
nozzles with various cone half-angles at two pressure ratios. 


again cross-plotted (fig. 5) to show variations in flow coeffi- 
cient with changes in diameter ratio for pressure ratios of 
2.0 and 1.4. The nozzles with small cone angles reach an 
optimum diameter ratio of about 0.75. At a pressure ratio 
of 2.0, a maximum flow coefficient of 0.972 is indicated for 
the 5° nozzle. In general, the flow coefficient for nozzles 
with large cone half-angles increases with increasing diameter 
ratio. The curves for all nozzles approach a particular value 
of flow coefficient at a diameter ratio of 1.0 because this 
value represents a straight length of pipe. The flow coeffi- 
cient for a straight length of pipe is shown in figure 6. 

The variations in flow coefficients for nozzles of various 
cone angles with changes in area ratio A 2 /Ai over a range of 


Pros sure 
ratio I 


■5 .so L 
/.o 



Outlet-inlet area rotto , A t /A, 


f.6 f.Q 20 £2 

Pressure rafio t PJP* 


(a) Cone half-angle, 5°. 

(b) Cone half-angle, 10°. 

(c) Cone half-angle, 15°. 


(d) Cone half-angle, 30°. 

(e) Cone half-angle, 45°. 


Figure 7.— Variation of conical -nozzle flow coefficient with outlet-iulct area ratio for various 

pressure ratios. 


Figure 6.— Variation in flow coefficient with pressure ratio for discharge from straight pipes- 
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Figure 7.— Concluded. Variation of conical-nozzle flow coefficient with outlet-inlet area 
ratio for various pressure ratios. 

pressure ratios are presented in figure 7. The maximum 
values of the flow coefficients mentioned in the discussion of 
figure 5 are better seen in figures 7(a), 7(b), and 7(c) for 
cone half-angles of 5°, 10°, and 15°, respectively. Figure 7 
presents the data in the most convenient form for use in 
uesign of conical nozzles. The use of area ratio instead of 
diameter ratio for these charts simplifies the selection of a 
nozzle to give a desired flow rate. 

• VELOCITY COEFFICIENT 

The velocity coefficients C 9 are given for all nozzles in 
figure 8. One value of velocity coefficient, 0.945, represents 
the data obtained with all nozzles within ±0.08, between 
pr-oai iirc ratios of 1.8 and the critical value (approximately 


1.9). The scatter of the data due to inaccuracies in the 
measurements of flow and thrust at pressure ratios below 
1.3 was great enough to obscure any trend of the nozzle 
performance at the very low pressure ratios. At super- 
critical pressure ratios, the velocity coefficient decreased to a 
value of 0.893 at a pressure ratio of approximately 2.8. The 
mean curve represents the supercritical data within ±0.03. 
The velocity coefficient was essentially independent of cone 
angle and diameter ratio and dependent only on pressure 
ratio. 

The effective velocity coefficients C v e (fig. 9) are used only 
for the simplified thrust calculations for all the nozzles 
investigated. One value of effective velocity coefficient, 
0.945, represents the data obtained with all nozzles within 
±0.03 between pressure ratios of 1.3 and the critical value. 
This value is the same as that obtained for the velocity coeffi- 
cient of figure 8, because the velocity coefficient and the 
effective velocity coefficient are identical in the subcritical- 
pressure-ratio operating range. At supercritical pressure 
ratios, the average value of effective velocity coefficient 
decreases slightly to 0.934 at a pressure ratio of approxi- 
mately 2.8. 

COMPARISON OF THRUST PERFORMANCE 

The variation in thrust with change in pressure ratio is a 
function of only the flow coefficients and exit areas, as can 
be demonstrated: 

From equation (16) 

Fj. x C <, S W, X C„. Z V,, 

F,rv^wrA...,v„ 

The velocities are functions of only pressure ratio and 
initial temperature (equation (9)) and at any particular 
operating condition are therefore equal. The velocity co- 
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efficients are also equal because they arc a function of only 
pressure ratio (fig* 9)* The air-flow ratio is 

equal to the ratio of outlet areas for any particular operating 
condition- (See equation (12).) The thrust ratio may be 
written as 

Inasmuch as the exit areas are fixed, the ratio of perform- 
ance (air flow and thrust) of nozzles of different design 
selected for the same thrust at a particular condition is pro- 
portional to the ratio of flow coefficients. 

Thrust with the 90° and 5° nozzles is compared in figure 10 
over a range of pressure ratios between approximately 1.0 
and 2.8. These two nozzles were designed to give the same 
thrust (effective flow area and air flow) at a pressure ratio of 
2.0 and were chosen to show the maximum variation in 
thrust. The variation in thrust between the two nozzles 
'with increasing pressure ratio results from the larger outlet 
area of the 90° nozzle and a more rapid increase in flow co- 
efficient than for the 5° nozzle. The thrust ratio increases 
for the 90° nozzle with an increase in pressure ratio above the 
design pressure ratio because of the greater effective flow 
area, and decreases with a decrease in pressure ratio because 
of the smaller effective flow area. 

SUMMARY OF RESULTS 

From an investigation of conical jet nozzles with inlet 
diameters of 5 inches, outlet-inlet diameter ratios from 0.50 
to 0.91, and cone half-angles from 5° to 90° at pressure ratios 
from 1.0 to 2.8, the following performance characteristics 
were determined: 



Figcrx 0.— Variation of conical-nozzle effective velocity coefficient with pressure ratio for 
various cone half-angles and outlet-inlet diameter ratios (used only for simplification of 
thrust calculations). 


COMMITTEE FOR AERONAUTICS 

1. The flow coefficient for all nozzles increased with in- 
creasing pressure ratio. 

2. The flow coefficient for all nozzles increased with 
decreasing cone half-angle. 

3. The flow coefficient of nozzles with small cone half- 
angles reached an optimum at a diameter ratio of about 
0.75. The flow coefficient of nozzles with large cone half- 
angles in general increased with increasing diameter ratio. 

4. The velocity coefficient could be reasonably well 
represented by a value of 0.945 in the range of pressure 
ratios from 1.3 to the critical pressure ratio. At pressure 
ratios above the critical value, the velocity coefficient 
decreased to a value of 0.893 at a pressure ratio of 2.8. 

5. The velocity coefficient was essentially independent of 
cone half-angle and of outlet-inlet diameter ratio. 



FlQURB 10— Compariaon of thrust of 90° nozzle with that of 5° nozzle at various pressure 
ratios. (Design points, PiilH, 2.0; At/Ai of 90° nozzle. 0.596; Ai/Ai of 5° nozzle, 0 . 490 .) 


6. The effective velocity coefficient was based on the 
assumption of complete isentropic expansion to ambient 
pressure when the nozzle is operated above the critical 
pressure ratio, and was identical with the velocity coefficient 
below the critical pressure ratio. Above the critical pressure 
ratio, the effective velocity coefficient decreased from 0.945 
to 0.934 at a pressure ratio of 2.8. 

7. The comparative performances (thrust and air flow) of 
nozzles selected for the same performance at a particular 
design condition were proportional to the ratio of their flow- 
coefficients because the velocity coefficient is essentially 
independent of nozzle design. 


Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, September 7, 1948 . 
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PERFORMANCE OF CONICAL JET NOZZLES IN TERMS OF FLOW AND VELOCITY COEFFICIENTS 9 

TABLE I — NOZZLE CONFIGURATIONS AND MEASUREMENTS 



t 


U. S 5 OVE UN M( NT PHINTIMS OFFICE; 1**0 



TetodUea 



Absolute coefficients of moment ' , . Angle of set of control surface (relative to neutral 

_ L „ M ~ N position), t. (Indicate surface by proper subscript.) 

?' ma qSB: . ^"£3 !,. 

(rolling) (pitching) (yawing) _ 


4. nOPELLBB SYMBOLS 


D Diameter " 

p Geometric pitch — , 

p/D , Pitch ratio — ( , 

' V* " -Inflow velocity 
V, Slipstream velocity 

, T l Thrust, absolute coefficient <7 r — — 

Q , ~ Torque, absolute coefficient 


Power, absolute coefficient 

Speed-power coefficients ^ ^ - 
Efficiency , 

Revolutions per second, rps 
Effective helix angle-tan -1 


1 hp— 76 04 kg-m/s=550 ftJb/seo 
1 metric horsepower^ 0.9863 hp-, 
1 mph—0.4470 mps 
1 mps— 2.2369 mph 

- l- n' ^ ‘ . 

\ ■* 


U NUMERICAL RELATIONS 

















